Prevention of mitochondrial dysfunction in post-traumatic mouse brain by superoxide dismutase.
Reactive oxygen species (ROS) are known to be involved in the pathogenesis of traumatic brain injury (TBI). Previous studies have shown that the susceptibility of mice to TBI-induced formation of cortical lesion is determined by the expression levels of copper-zinc and manganese superoxide dismutase (CuZnSOD and MnSOD, respectively). However, the underlying biochemical mechanisms are not understood. In this study, we measured the efficiency of mitochondrial respiration in mouse brains with altered expression of these two enzymes. While controlled cortical impact injury (CCII) with a deformation depth of 2 mm caused a drastic decrease in NAD-linked bioenergetic capacity in brain mitochondria of wild-type mice, the functional decrease was not observed in brains of littermate transgenic mice overexpressing CuZnSOD or MnSOD. In addition, a 1 mm CCII greatly compromised brain mitochondrial function in mice deficient in CuZnSOD or MnSOD, but not wild-type mice. Inclusion of the calcium-chelating agent, EGTA, in the assay solution could completely prevent dysfunction of oxidative phosphorylation in all mitochondrial samples, suggesting that the observed impairment of mitochondrial function was a result of calcium overloading. In conclusion, our results imply that mitochondrial dysfunction induced by superoxide anion radical contributes to lesion formation in mouse brain following physical trauma.